The noise (dBA L 10 and L 95 ) was measured on the whole area of the National Garden of Athens, a "closed" type public garden in the English style in the city center. Major differences in traffic noise reduction were found in the first 20-40 m of the garden perimeter. Dense vegetation of shrubs and trees, compared to areas where the vegetation was interrupted by lanes or to areas with lawn and bedding plants, resulted in 2 dBA and 4 dBA extra noise reduction, respectively. Lanes vertical to the noise source reduced the noise less than parallel ones. Differences of the garden altitude also affected noise reduction.
INTRODUCTION
Traffic noise is a major problem of modern cities and urban gardens are often the only peaceful open places for the inhabitants. The effectiveness of vegetation as noise barrier has been studied mainly with recorded or generated point sound sources (e.g. Aylor 1972), however Heisler et al. (1987) found that vegetation can be an effective barrier of highway traffic noise. The purpose of the present study was to evaluate the impact that garden design and planting may have on traffic noise abatement inside a garden.
MATERIALS AND METHODS
The National Garden is a closed type public garden (153500 m 2 ) at the center of the city of Athens that can be seen more or less as a square area (420 m x 420 m) of which the northwest corner is occupied by the Greek Parliament building (140 m x 170 m) and the northeast corner by the Presidential Guard building (80 m x 60 m). On the north and west side it is adjacent to heavily traveled two way avenues, Vasilisis Sofias Av. and Amalias Av., respectively, on the east to a moderately traveled one way road, Herodou Attikou Str. and the west to Zappion, an open type garden. The garden is almost all in the romantic (English) style, densely and mixed planted with a wide range of trees and shrubs that cover 72 % of the area; 25 % of the trees are deciduous and 75 % evergreen (29 % conifers, 44 % broad-leaved and 2.4 % palms); 6 % of the garden is lawn and bedding plants and 14 % is lanes, squares and patios (Tamvakis 1981) .
The noise level (dBA) was recorded at 241 points, on a grid of horizontal and vertical parallel axes (Fig. 1) . After preliminary experimentation, the axes parallel to the H. Attikou Str. were drawn 20 m apart from each other starting from the border line with the street and the verticals to them 40 m apart except axes A and B that were 20 m apart. At each point the noise was measured 40 times for 15 sec per time (about 10 min in total). The instrument used was an ANSI type 2, model 542, with adjusted microphone. The measurements were taken at the F (fast) position of the instrument at A-weight, at 1.20 m above ground, between 9am and 1pm (heavy and steady traffic), on sunny days without wind, from mid April to end of May (all plants in full leaf). The noise was expressed as L 10 that refers to the peak values of the sound, and L 95 that is best correlated with the annoyance. Measurements were grouped in various ways and the data were analyzed by ANOVA F-test and means compared by L.S.D. at P = 0.05.
RESULTS AND DISCUSSION
The mean noise level at the garden borders with Amalias Av. (Fig. 2) . Each street independently affects the noise levels into the garden, because of the big buildings at the northeast and northwest corners and the garden of Zappion at the south. Between the axes E and L (Fig. 1 ) the noise sources were mainly Amalias Av. and H. Attikou Str., while between the axes 12 and 21 the noise source was V. Sofias Av. In both cases the noise was gradually reduced from the streets to the garden center (Fig.  2) . From the two avenues to the center there was a noise reduction of 15 dBA L 10 , on average, in the first 40 m, while from H. Attikou Str. a similar reduction occurred in the first 20 m, and this was not found for L 95 (Fig. 2B) . That was probably because there was a greater reduction in L 10 with distance from a street transmitting sound in a spherical symmetry (low traffic), than from a street with cylindrical symmetry (heavy traffic) (Vojadjis and Pchychas 1987). The higher noise reduction observed at the southwest side of the garden at the first 20 m next to Amalias Av. (points K3, L2 on Fig. 1 ) is probably due to the lower altitude of the garden at that area that is 1.60 m less than the street level. Mainly for the same reason, in the following 80 m zone towards garden center, the noise reduction is minimal, compared to the neighboring axes J, I (Vojadjis and Pchychas 1987); the vertical position of the lanes to the avenue and the thinner vegetation was also an extra reason. Lanes vertical to the noise source also seemed to restrain noise reduction at measurement points D14, D15, C20, D20, G22 and G23 (Figure 1 ).
Open spaces with lawn or bedding plants caused no apparent traffic noise attenuation as can be seen at the main entrance to the gardens on Amalias Av. The entrances on V. Sofias Av. (A17) and H. Attikou Str. (J24) are framed by thick vegetation of shrubs and trees that help prevent noise transmission (Fig. 1) . The density of vegetation played an important role in noise attenuation at the first 20 m from the street decreasing noise by 4 dBA L 95 greater than the reduction expected to occur by distance (Vojadjis and Pchychas, 1987) . Considering that dB scale of noise is logarithmic the extra noise reduction resulting from the vegetation was sensed even more by the human ear. After the first 20 m lawns or lakes (C19, C17) increased noise transmission (C19) only slightly compared to dense vegetation. Committee of Public Gardens and Alleys, Athens.
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Figures Fig. 1 . Noise levels in the National Garden of Athens. 
